Abstract. the strictly protected Hacquetia epipactis, which natural range has its north-eastern limit in the area of the Cieszyńskie Foothills, is one of the most interesting rarities of Polish flora. For one and a half centuries H. epipactis was popular with scientists resulting in a relatively high number of papers addressing this plant. Usually, however, the characteristics of sites where H. epipactis occurs have been overlooked by the researchers. The aim of this work was to fill this gap, at least partly, by determining plant associations that are preferred by this species. Based on previous phytosociological records and by implementing numerical classification methods, it was found that the Hacquetio-Fraxinetum excelsioris Marinček 1990, which is divided into two subassociations (typicum and allietosum with other variants), is the main association in which this plant species occurs. In isolated sites, mostly outside the Cieszyńskie Foothills, it also appears in fragments of Galio sylvatici-Carpinetum betuli Oberd. 1957 and Tilio cordatae-Carpinetum betuli Tracz. 1962 associations.
Introduction and aim of the study
The north-eastern edge of the territorial range of Hacquetia epipactis (Scop.) DC of the Umbelliferae (Apiaceae) family is found in Poland. Its sites in the Silesian areas of Cieszyn and Opole were the first ones described in today's Poland (Wimmer 1857) , although the plant presumably was known in this area much earlier. Evidence of this observation is found, among others, in the specimens of a herbarium collected in 1830, which today is part of the herbarium collection of the Museum of Natural History at the University of Wrocław (Guzikowa 1970; Duda et al. 2001; Henel 2006) .
Many researchers have devoted their attention to Hacquetia epipactis, mainly in determining its distribution in Europe, but also in describing its biology, morphology, ecology, classification of plant communities, protection, and even restoration, pharmacology and ethnography (Kolbenheyer 1862; Hegi 1926; Szafer 1929; Kozłowska 1936; Tumidajowicz 1964; Guzikowa 1970; Marinček 1990; Karcz, Trząski 1995; Duda et al. 2001; Henel 2006; Gajewski et al. 2011; Wika et al. 2014) .
The popularity of Hacquetia epipactis among the inhabitants of the Cieszyńskie Foothills did not always benefit the plant, which was already noted at the beginning of the 20th century (Simm 1924) . Frequent flower picking and plant removal contributed to the reduction of its population (Guzik et al. 2008) . Hacquetia was listed as a fully protected species only on 9 July 2004, as a result of the effort of naturalists. It is also on the "Red list of plants and fungi in Poland" as a species vulnerable to extinction in isolated stands outside of its main area of occurrence (Zarzycki, Szeląg 2006) .
Research on the classification of plant communities with include Hacquetia epipactis in Poland, including the Cieszyńskie Foothills, as well as other parts of Europe, are incomplete. The adjoining Moravian Gate indicates a connection between the Polish sites of H. epipactis with sites in the southern part of its range. Therefore, it is reasonable to develop a classification of plant communities to protect the specific habitats and plant communities where H. epipactis is found. Despite many studies about this plant, no full phytosociological characterization exists or if so, it is limited to a specific, isolated site. The aim of this paper is to characterize the phytocoenoses of Hacquetia epipactis and to classify the plant communities where it occurs on the basis of collected phytosociological documentation.
Methodology
The study included most of the known and new sites of Hacquetia epipactis in the Cieszyńskie Foothills (Pelc 1969) , as well as some sites outside of this area (Tumidajowicz 1964; Guzikowa 1970; Zając, Zając 2001; Henel 2006) . To carry out the analysis, 46 phytosociological records were made in selected areas using the Braun-Blanquet method (Pawłowski 1972 ) and 36 phytosociological records were used from the archives of the Department of Forest Botany and Nature Protection of the Agricultural Academy of Kraków (currently the Department of Forestry Biodiversity, Institute of Ecology and Silviculture, University of Agriculture, Kraków) (Skrzydłowski 2000; Różański 2001a Różański , 2001b . The numerical classification was performed for a total of 82 phytosociological records, placed on an ATPOL grid ( Fig.1) . The recorded sites of Hacquetia epipactis were located at an altitude of 160-650 meters above sea level.
Cluster analysis was used to determine the relationship of the similarity between each pair of compared phytosociological records (Sneath, Sokal 1973; Dzwonko 1977a Dzwonko , 1977b . Due to the non-vectorial nature of the Braun-Blanquet scale, the results had to be transformed into numerical data. We adopted a method in which species of low quantity have a relatively significant impact on the similarity between the compared records. In order to calculate the similarity between phytosociological records for qualitative and quantitative data, the modified Marczewski-Steinhaus index was used (Różański 1988) . The matrix of similarities between each pair of phytosociological records was classified according to the agglomeration of unweighted pair group method with arithmetic mean (UPGMA) (Sneath, Sokal 1973 Dzwonko 1977a , 1977b . As a result, grouping the phytosociological records by cluster analysis produced dendrograms of qualitative and quantitative data. A dispersion diagram is produced when they are assembled together (Dzwonko, Grodzińska 1979). The groups distinguished in this manner were used for the final classification of the analysed records and phytosociological tables were produced using the classical methods of observation and comparison (Pawłowski 1972) . The study includes only those phytosociological tables for the distinguished Hacquetio-Fraxinetum excelsioris communities.
The calculations and figures in this part of the study were performed using Canoco and Statistica statistical software. The nomenclature of vascular plants is from Mirek et al. (2002) .
Results

Classification of the plant communities with Hacquetia epipactis
In order to classify particular types of forest communities selected for the presence of one plant, a dendrogram pair was used, calculated for qualitative and quantitative data (Fig. 2, 3) . A record as included in the same community when its similarity was no less than 0.33, although depending on the needs of study, this criterion can be somewhat modified (Dzwonko 1977a) .
The analysis of all 82 records in the dispersion diagram (Fig. 4) ultimately resulted in the identification of 74 records, with the remaining eight unclassified. Based on a qualitative scale, two large groups were identified as sub-associations: typicum (Table 1) and allietosum (Table 2) of the Hacquetio-Fraxinetum excelsioris association, as well as two small groups, designated as fragments of the Tilio cordatae-Carpinetum betuli and Galio sylvatici-Carpinetum betuli associations. On the other hand, based on quantitative scale five sub-association's variants were identified.
The final classification of the distinguished plant, confirming the results of the studies of Różański (2001b) and Różański and Dziedzic (2003) , according to the taxonomy of Polish communities (Matuszkiewicz 2005 
Characteristics of forests with Hacquetia epipactis
1. Tilio platyphyllis-Acerion pseudoplatani alliance 1.1. Hacquetio-Fraxinetum excelsioris association The vast majority of forests or their fragments in the Cieszyń-skie Foothills part of this association, whose characteristic plant is primarily Hacquetia epipactis, as well as Fragaria moschata, Veronica montana, Actaea spicata, Orchis pallens, Thalictrum aquilegifolium and locally Arum alpinum. Distinguishing this new association in Poland has sorted out previously existing inconsistencies in the classification of different, multi-species, fertile deciduous forests in the Cieszyńskie Foothills. In numerically analyzing the records, two different sub-associations of this association were distinguished -typicum and allietosum, which were further divided into variants (Fig. 4) .
1.1.1. Sub-association typical of Hacquetio-Fraxinetum excelsioris typicum (table 1) The main distinguishing feature of this sub-association is the almost complete lack of Allium ursinum. The frequency and coverage of the characteristic and differential species of the association, including Hacquetia epipactis, are much greater than in the allietosum sub-association. Fraxinus excelsior and Quercus robur form the tree layer, with Tilia cordata, Acer pseudoplatanus and Ulmus scabra also occurring. The artificially introduced species of Picea abies and Larix decidua are also found here, while Fagus sylvatica and Acer campestre are very rare. The second tree layer most often consists of Carpinus betulus, which is also present in the upper layer, with Tilia cordata and Acer platanoides in some patches. The shrub layer in this sub -association is poor, with only Sambucus nigra, Lonicera xylosteum and Corylus avellana occurring in significant amounts. The forest floor is covered in the range of 55-85% and there is no single dominant species. Some of the phytocoenoses are distinguished by a poor forest floor or tree layer. They are characterised by a significant share of Anemone nemorosa, Mercurialis perennis, Galeobdolon luteum, Symphytum tuberosum, and Ficaria verna. Hacquetia epipactis found in this sub-association has optimal conditions for development, forming large clumps with short stems, and is not threatened by competition.
Three variants were distinguished in the typicum sub-association: (1) with Ulmus scabra, (2) poor and (3) disturbed:
1.1.1.1. the Ulmus scabra variant seems to represent the most typical form of the association, even though it is not found in as fertile habitats as the allietosum sub-association. The tree stand almost always has two layers and is generally well preserved. (Table 2) This sub-association is distinguished primarily by the mass occurrence of Allium ursinum. Despite this, the phytocoenosis included in this syntaxon is characterized by a large number of species, more than in the typicum sub-association (by an average of three in specific surveys). The tree stand is made up of 
Galio sylvatici-Carpinetum betuli, fragments of the association
This association was only identified in Grudzice. Fragments of this association have very few species, although the characteristic Ranunculus auricomus occurs here. The tree stand has a two-layered structure. The emergent layer consists of Quercus robur, Tilia cordata and Ulmus laevis, while the canopy layer is made up of Carpinus betulus and Acer pseudoplatanus. the shrub layer is very dense and occupies 50% of the surface. It is made up of Sambucus nigra, Acer pseudoplatanus and A. platanoides, Fraxinus excelsior, Tilia cordata and Padus avium. Hacquetia epipactis occupies very small fragments of the forest floor. In addition, the forest floor is very poor in species and contains small numbers of Aegopodium podagraria, Anemone nemorosa, Ficaria verna, Viola reichenbachiana, Ribes uvacrispa and many seedlings of the main tree species. A significant proportion of Hedera helix also occurs.
Discussion
the high interest in Hacquetia epipactis over many years has generated various publications written by authors representing diverse fields of science, from different backgrounds and periods, resulting in much contradictory and not always reliable information, which cannot be unequivocally confirmed.
The earliest studies noted the close association of Hacquetia epipactis to mixed deciduous forests. Hegi (1926) reports that in Europe, Hacquetia epipactis occurs in deciduous forests, as well as in alder forests and high in the mountains on grassy slopes adjacent to dwarf mountain pine. Then, these forests were included into the Fagetalia order (Koczwara 1960 ). Studies from Poland mention H. epipactis as belonging to a specific association. Kozłowska (1936) included H. epipactis in the Fagetum calcareum cieszynicum association, but the literature most often reports that its optimal occurrence is in hornbeam associations (Tumidajowicz 1964; Pelc 1969; Guzikowa 1970; Duda et al. 2001; Henel 2006; Gajewski et al. 2011) . Wika et al. (2014) described H. epipactis in a fertile beech forest -as a variant with Hacquetia epipactis (a site in the Wiślicka Escarpment reserve). Henel (2006) also lists the riverine ash-alder and elm-ash and mountain alder marshes as places where H. epipactis occurs. In Slovakia in turn, this plant was listed in the "Vápnitá Lipová Javorina vyššieho stupňa" assemblage, which belongs to the Tilieto-Aceretum alliance (Hančinský 1972) . In 1990, Marinček described the limestone association Hacquetio-Fraxinetum excelsioris from the Alps, and then identified it in Austria (Mucina et al. 1993) . Its centre of distribution is located in the Julian Alps, Austria and Croatia. In Poland, the description of this syntaxon is from the Wiślicka Escarpment, Municipal Woods on the Puńcówka Brook and Municipal Woods on the Olza River reserves, while fragments have been found in the Municipal Woods of Błogocice nature-landscape park complex (Różański 2001a (Różański , 2001b Różański, Dziedzic 2003) .
The mosaic of habitats in the Cieszyńskie Foothills and selected sites from all over Poland were not easy to analyse and difficulties were exacerbated by the slight differences in the values of similarities between groups of surveys and individual ones, which represented very similar habitats serving as the biochore for one plant species -Hacquetia epipactis. During the analysis, it was found that the fertile deciduous forests with H. epipactis located in the Cieszyńskie foothills, classified earlier as lowland hornbeam or alluvial forests, can be identified as the Hacquetio-Fraxinetum excelsioris association of the Tilio -Acerion alliance (Różański 2001a (Różański , 2001b Różański, Dziedzic 2003) , and only a few phytocenoses with sites of Hacquetia epipactis represent non-typical hornbeam communities of the Carpinion betuli alliance. Additionally, the research conducted shows that the optimum occurrence of Hacquetia epipactis in a compact range in Poland is the Hacquetio-Fraxinetum excelsioris association, despite the fact that in many places this association is strongly altered or difficult to identify, and additionally lacking those species that are characteristic of the southern European range. This problem was the basis for distinguishing two, differing sub-associations (typicum and allietosum). Marinček (1990) distinguished two sub-associations -dentarietosum trifoliae (including the variant with Allium ursinum) and omphalodetosum. None of the species distinguishing the Slovenian sub-associations occurs in the phytocenoses with H.
